Satellite observations of outgoing long-wave radiation and albedo presented by Winston are used to test a highly simplified radiation model. Computations with the model are consistent with the satellite observations and show that the outgoing long-wave radiation is inversely correlated to the albedo and cloudiness on a broad scale. However, the satellite values of albedo are much smaller than the computed values.
INTRODUCTION
I n the preceding paper, Winston [lo], using satellite data, has shown that the long-wave radiation leaving the earth is inversely correlated to the albedo on a broad scale, particularly over oceans and non-desert regions.
The purpose of this note is t o use the same satellite observations t o test a highly simplified radiation model that contains as parameters both the albedo and the outgoing long-wave radiation. This model can therefore be used to explore the relation between these two parameters as well as their dependence on cloudiness and temperature.
OUTGOING LONG-WAVE RADIATION
We shall assume that the surfaces of the earth and of the clouds radiate as black bodies. Furthermore, in this first approximation model the cloudless atmosphere will also be considered as a black body except in the region from 8 to 1 3 p 1 where a transparent window will be postulated.
Using this radiation model in the way previously described by the author [ I ] , we obtain the following formula:
where y is the outgoing long-wave radiation, and e is the fractional cloud cover; Ti= T,-T,, where T , is the surface temperature and T , , is a constant; TI= T-To where T is the effective radiation temperature of the atmosphere that will be determined below and To is a constant. Furthermore, since the temperature is in Kelvin degrees, we have chosen To and T,, such that T,>>T' and T,,>>Ti. The constants a,, a5, a3, and a4 are given by
The function F(T,) represents the area below the blackbody curve corresponding to the window of the radiation model, which is taken between 8 p and 13p, a=8215X cal. C~. -~O K . -~ min.-', and T,, is the temperature of the upper boundary of the cloud cover.
Taking T0=229.50 K., T,,=288" K., and T,,=261° K., we obtain the following values for the coefficients in formula (1) From (1) we see that y, which is always positive, is equal to a positive constant a,, plus a negative function, ea,+(l-~)a~T~+a,T'. Therefore, y is inversely correlated to E, on a broad scale. However, one expects departure from this correlation, especially in middle and higher latitudes, because of the contribution of the terms Over desert areas, the correlation fails because, in this case, E is negligibly small, and in formula (1) y becomes independent of E .
We shall carry out computations using the zonally averaged values of cloudiness for spring 1962, from TIROS N, given by Clapp (1 -€)a3 Ti +u,T'.
THE ALBEDO
The albedo can be estimated from the formula where is the albedo, I the insolation on a horizontal surface, at the top of the atmosphere, (&+a),, is the total radiation received by the surface with clear sky, k is a function of latitude, E is the cloud cover, u2, ul, and b3
are functions of latitude and season, and a is the albedo of the surface of the earth. The left side of (2) is the total short-wave radiation absorbed by the earth-atmosphere system. The first term in the right side is the short-wave radiation absorbed by the surface of the earth, where the Savino-Angstrom Since k and a are smaller than one, and (&+q),,/I and tb3 are never negative, it follows that aT is linearly correlated to the cloudiness E , except when E is equal to zero.
The computations of the zonally averaged albedo made with formula ( I n formula (2) the term representing absorption of short-wave radiation in the atmosphere by water vapor, dust, oz,one, and clouds, (a2+a:+cb3)I, is probably the one that contains most of the uncertainties. The values used in the computations were essentially those of London Table 2 shows the increase of albedo and outgoing longwave radiation which results from an increase of 10 percent in cloudiness.
RELATIONS BETWEEN OUTGOING LONG-WAVE RADIATION AN0 ALBEDO
From the above results it follows that the outgoing long-wave radiation is inversely correlated t o the albedo on a broad scale, except when E is negligibly small, or when the terms that depend on the temperature and surface albedo in formula (1) destroy the correlation.
Eliminating E from (1) and (2) we obtain the explicit relation between albedo and outgoing long-wave radiation :
where
a S -a 3 T :
To test formula (4) we shall carry out computations a t the equator, where both the satellite data and the arguments given above indicate in a striking way the existence of a relation of type (4) with A and B almost constants.
We shall carry out computations using normal zonally averaged values of surface temperature for April, therefore we will take T:=llo C. For the atmospheric effective radiation temperature we shall use the zonally averaged value adjusted t o yield the observed satellite outgoing long-wave radiation a t the equator. Therefore, we shall take T'=-3.8' C., and shall use the following values: (u=0.06, (&+q)0/I=0.775, ~= 0 . 1 3 4 , ui=0.022 Comparison of curve I11 with curve I1 shows that the computed values from formula ( 5 ) agree remarkably well with the satellite-observed values of albedo, except that the satellite values are smaller than the computed values by about 8 percent over oceans and about 11 percent over continents. I n conclusion it can be stated that formulas (1) , (2) , and (4) can be used as an aid to understand and, possibly, adjust the satellite data; and at the same time the satellite observations can be used to improve the formulas.
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